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LUNG CANCER AND MESOTHELIOMA AMONG ENGINE 
ROOM CREW -  CASE REPORTS WITH RISK ASSESSMENT 
OF PREVIOUS AND ONGOING                                            
EXPOSURE TO CARCINOGENS 
KARL  FORSELL, S. HAGEBERG, RALPH NILSSON 1 
ABSTRACT 
Objective The aim of this article is to illustrate, by means of case reports on 
occupational exposure in four men with cancer, the hazards of previous and ongoing 
carcinogenic exposures in ships’ engine rooms. Several cases of cancer occurred within 
a few years among the engine room crew of a passenger ferry. An investigation was 
undertaken to establish the number of cases, the types of cancers involved, and their 
possible relation to work.  
Subjects and Methods  Nine cases of cancer among crew members of the ferry 
were reported between 2001 and 2006, six of which occurred in crew working in the 
engine room. During the investigated time period, 65 men had been employed in the 
engine room (mean age 40, range 16–65, years). Four cases were referred to our 
department. Medical history, personal risk factors and specific diagnoses were collected 
by medical examinations and from the medical files. An experienced occupational 
hygienist evaluated work-related exposure to carcinogens. 
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Results   Two engine room ratings contracted lung cancer at the age of 54 and 61, 
respectively. Both men had been smokers for many years (33 and 45 years, 
respectively). One engine room rating and one electrical engineer were diagnosed with 
mesothelioma at the age of 61 and 63, respectively. All four had started to work in 
engine rooms between 1959 and 1967. Carcinogenic exposure included asbestos, with 
an estimated cumulative exposure of 2–5 fibreyears/mL, as well as polycyclic aromatic 
hydrocarbons (PAHs) and nitroarenes from oils, soot and engine exhaust. 
Conclusions  For the lung cancer cases, smoking and asbestos exposure were 
considered clear risk factors, and PAHs and nitroarenes possible risk factors. For the 
mesothelioma cases, former asbestos exposure was considered a causal factor. Asbestos 
can still be present on ships. Steps should be taken to reduce the exposure to asbestos, 
PAHs and nitroarenes, and smoking. 
INTRODUCTION 
In the autumn of 2005, an occupational health physician contracted by a major 
vessel company contacted our department. Several seafarers aboard a single passenger 
ship had contracted cancer within a brief time period, causing worry among the crew.  
Excess incidences of lung cancer and mesothelioma have previously been reported 
among engine room crews (1-6). Asbestos is considered a relevant carcinogenic 
exposure in both these cancer forms (2, 7-9). Since the latency periods are very long for 
asbestos-related cancer (10 to 30 years for lung cancer and 30 to 50 years for 
mesothelioma), knowledge of previous or present asbestos exposure is an important 
factor in the risk assessment of cancer (7, 10-15).  
Polycyclic aromatic hydrocarbons (PAHs) and nitroarenes, present in soot, oils and 
engine exhaust, constitute a daily exposure in machine rooms. PAHs have been linked 
to cancer in both animal and human studies (16-21). Metabolites of certain PAHs have 
also been shown to cause damage to deoxyribonucleic acid (DNA), which explains, at 
least in part, their cancerogenic effect (22). 
The main aims of this article are to report the results of our investigations of four 
cases referred to our department and to discuss previous and ongoing exposure to 
carcinogens in the engine room on ships. 
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SUBJECTS AND METHODS 
Subjects Nine cases of cancer were identified among the ship’s crew members 
between 2001 and 2006. Six of these crew members worked in the engine room and 
four of them, two with lung cancer and two with mesothelioma, were referred to us for 
evaluation of work-related risk factors for cancer. A total work force of 65 men, mean 
age 40 (range 16–65) years in 2001, were employed in the machine room during the 
investigated time period. The other cases, one myeloma case, one thyroid cancer and 
three colon cancers, were not referred. 
Methods Personal risk factors for cancer, such as smoking habits, hereditary 
factors or concurrent diseases, as well as type of cancer and year of diagnosis were 
collected for each patient by medical examination and medical files. All data were 
collected with informed consent from the patient or, if deceased, from the nearest 
relative. Information on position and time at sea as well as the name and type of vessels 
involved was gathered from the Swedish Maritime Administration, which keeps a 
service registry of all Swedish seafarers, the Swedish Registry of Seamen. 
 An experienced occupational hygienist estimated the exposures to carcinogenic 
substances in the work environment throughout the subjects’ whole working career, 
based on interviews, data from the Swedish Registry of Seamen, and earlier research 
performed by us in machine rooms of similar vessels (23-25). The cumulative exposure 
to asbestos was estimated as fibreyears per mL, where 1 fibreyear/mL equals an 
exposure to one asbestos fibre per milliliter (mL) air during one year. The Swedish 
occupational exposure limit for asbestos is 0.1 fibre/mL during an 8-hour workday.  
After a thorough search and compilation of current knowledge in the field, followed 
by a discussion in a clinical seminar, a risk assessment of previous and ongoing 
carcinogenic exposure was made for each cancer form involved. 
RESULTS 
Exposure  The cumulative lifetime exposures to asbestos, with consideration of 
protective measures, were estimated to be 2–5 fibreyears/mL for all four investigated 
seafarers. Exposure to asbestos was considered to have been highest between 1960 and 
1980 during repair work, which had involved elimination of asbestos insulation of 
exhaust and steam pipes or electrical wires. A constant low level of asbestos had 
probably been present in the air in the engine room during those years. Exposure to 
asbestos has then decreased continuously since 1976. Measurements of asbestos in 2003 
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on board similar vessels showed barely detectable amounts (localized to the upper boiler 
room and the funnel shaft). The asbestos found was amosite, but earlier investigations 
had also shown presence of crocidolite (23, 24) (and personal communication by Lars 
Sandberg, Göteborg) 
There was daily exposure to polycyclic aromatic hydrocarbons and nitroarenes 
(through oils on hands, for instance). Exposure to PAHs and nitroarenes was especially 
high during major work on the main engine, for instance when entering the crankcase 
during overhaul operations, with resulting high exposures to lubricant oils and aerosols. 
Similar exposures occurred during work on auxiliary engines. Sweeping the sound 
absorbers led to high exposures to soot and, therefore, to PAHs. Testing the fuel 
injectors resulted in high exposure to aerosols from diesel oil (marine diesel may 
contain up to 25% PAHs).  
Case studies  The four cancer cases investigated were all Swedish men and had 
been working in engine rooms for over 40 years, Table 1. All were 50-60 years old 
when they contracted their cancer. The two cases with lung cancer had both been 
smokers for many years.  
Table I. Cancer cases. Four out of nine seafarers with cancer on one ferry between 
2001 and 2006. Cancer forms and relevant exposures are shown. 
 
Cases Age at diagnosis Position 
Total 
months 
at sea 
Year 
signed 
on with 
ships 
Smoker Diagnosis Year of diagnosis Exposure 
1 61 yrs 
engine 
room 
rating, 
repairman 
193 1962 45 yrs Lung cancer 2005 
Asbestos, 2 
fibreyears/mL.  
PAHs, 
nitroarenes 
2 54 yrs 
engine 
room 
rating, 
repairman, 
pumpman 
214 1967 33 yrs Lung cancer 2005 
Asbestos, 5 
fibreyears/mL.  
PAHs, 
nitroarenes. 
3 61 yrs 
engine 
room 
rating 
105 1959 no malignant 
mesothelioma 2004 
Asbestos, 2–5 
fibreyears/mL 
4 63 yrs electrical 
engineer 175 1960 no 
malignant 
mesothelioma 2001 
Asbestos, 2–5 
fibreyears/mL 
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DISCUSSION 
Lung cancer For the two cases of lung cancer, both smoking and work-related 
exposure to asbestos were considered risk factors. Tobacco smoking increases the risk 
of lung cancer by up to 20 times, but the risk diminishes gradually upon quitting (26, 
27). Asbestos is a well-known risk factor for lung cancer (7, 14). In insurance cases in 
Sweden, a period of 15–20 years in a clearly asbestos-exposed occupation is considered 
sufficient for workers’ compensation for lung cancer (13). However, more recent data 
indicate elevated risks even at lower doses of asbestos exposure (28). Tobacco smoking 
interacts with asbestos exposure, increasing the risk of lung cancer even further (7, 13, 
14, 28, 29). 
Polycyclic aromatic hydrocarbons and nitroarenes may represent contributing risk 
factors for lung cancer, but the risk assessment is still very rudimentary (16-21). In 
some industries with PAH exposure, levels are generally much higher. Typical levels of 
urinary 1-hydroxypyrene (1-OHP, an indirect marker of PAH exposure) range from 1 to 
25 µmol/mol creatinine (30). In engine room crew members, levels of urinary 1-OHP of 
0.003 – 1.35 nmol/mol creatinine have been found (24). The levels were comparable to 
values among car repair workers and generally higher than the contribution from 
smoking (2). Different combinations of different PAHs may partly explain this 
phenomenon, since 1-OHP is a metabolite of only one PAH, namely pyrene. The 
project also revealed a significant increase in urinary 1-OHP during work shifts in the 
engine room and, importantly, lower levels with the use of protective measures (24, 25). 
A definite link between levels of 1-OHP in urine and risk of cancer has not yet been 
established (30). However, signs of oxidative damage to DNA have previously been 
demonstrated in engine room crew members exposed to PAHs, suggesting a 
cancerogenic effect from these compounds (31). Compared to tobacco smoking, the risk 
is probably smaller. 
Mesothelioma Previous exposure to asbestos was considered a causal factor for the 
two cases with mesothelioma in the present study. The exact dose-response relationship 
is not known, but a few months up to a year of asbestos exposure is generally 
considered sufficient (32). Smoking is not a risk factor for mesothelioma (13). In the 
two men, asbestos exposure had occurred mainly in the 1960s and 1970s.  
Owing to long latency periods, an elevated risk of cancer remains well after reduced 
asbestos exposure. Sweden was one of the first European countries instigating an 
asbestos ban, in 1976, and the incidence of mesothelioma, rising continuously since the 
1970s, is now reaching a plateau (12, 33). In other countries, however, the ban occurred 
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much later (e.g. in the UK in 1985 and in France in 1996). Also, asbestos may still be 
used in foreign shipyards (10).  
Other forms of cancer All cases of cancer could not be investigated (i.e. three 
colon cancers, one myeloma and one thyroid cancer). In a 1971–1987 survey of cancer 
in all Swedish seafarers, these cancer forms were not more common than in a general 
population (2). Some studies have suggested a carcinogenic role of asbestos in colon 
cancer (34-38). 
CONCLUSIONS 
Asbestos has been used extensively in engine rooms on ships and the exposure is a 
clear risk factor for lung cancer and mesothelioma. Since latency periods could be long, 
exposure far back in time must be considered. Asbestos use has been banned in 
shipyards in e.g. the Nordic countries, but could still be found in older ships and ships 
built in other countries. Ongoing exposure to PAH and nitroarenes from engine exhaust, 
soot and oils may represent a carcinogenic risk factor. Engine room crews should 
receive information, and safety measures should be implemented to reduce the exposure 
to these carcinogens. In addition smoking should be reduced.  
ACKNOWLEDGEMENTS 
We thank the crew of the ferry for their cooperation. We would also like to thank 
staff manager Suzanne Lindmark, the company’s medical advisors Dr Margareta 
Ögland and Dr Monica Widell, and the Occupational Safety and Health Engineer Lars 
Sandberg, all at Feelgood, for their assistance. 
REFERENCES 
1. Andersen A, Barlow L, Engeland A, Kjaerheim K, Lynge E, Pukkala E. Work-
related cancer in the Nordic countries. Scand J Work Environ Health. 1999;25 
Suppl 2:1-116. 
2. Nilsson R. Cancer in seamen with special reference to chemical health hazards. 
Thesis, Göteborg University, Sweden. 1998. 
11 
3. Brandt LP, Kirk NU, Jensen OC, Hansen HL. Mortality among Danish merchant 
seamen from 1970 to 1985. Am J Ind Med. 1994 Jun;25(6):867-76. 
4. Hemmingsson T, Lundberg I, Nilsson R, Allebeck P. Health-related selection to 
seafaring occupations and its effects on morbidity and mortality. Am J Ind Med. 
1997 May;31(5):662-8. 
5. Rafnsson V, Gunnarsdottir H. Mortality among Icelandic seamen. Int J 
Epidemiol. 1994 Aug;23(4):730-6. 
6. Rafnsson V, Gunnarsdottir H. Cancer incidence among seamen in Iceland. Am J 
Ind Med. 1995 Feb;27(2):187-93. 
7. IARC. Asbestos. IARC Monographs on the evaluation of carcinogenic risks to 
humans Lyon, France. 1987(Supplement 7):106. 
8. Kaerlev L, Hansen J, Hansen HL, Nielsen PS. Cancer incidence among Danish 
seafarers: a population based cohort study. Occup Environ Med. 2005 
Nov;62(11):761-5. 
9. Saarni H, Pentti J, Pukkala E. Cancer at sea: a case-control study among male 
Finnish seafarers. Occup Environ Med. 2002 Sep;59(9):613-9. 
10. Bianchi C, Bianchi T, Grandi G. Malignant mesothelioma of the pleura among 
seafarers. Med Lav. 2005 Nov-Dec;96(6):490-5. 
11. Burdorf A, Dahhan M, Swuste P. Occupational characteristics of cases with 
asbestos-related diseases in The Netherlands. Ann Occup Hyg. 2003 
Aug;47(6):485-92. 
12. Burdorf A, Jarvholm B, Englund A. Explaining differences in incidence rates of 
pleural mesothelioma between Sweden and the Netherlands. Int J Cancer. 2005 
Jan 10;113(2):298-301. 
13. Gustavsson P. Arbetsskadebedömningar - cancer och exponeringar i arbetsmiljön 
(Assessment of occupational injuries - cancer and exposures in the work 
environment). Summary in English. Arbete och Hälsa (Work and Health). 
2002;15:121-5. 
14. Gustavsson P, Albin M. Low-dose occupational exposure to asbestos and lung 
cancer risk. Med Lav. 2006 Mar-Apr;97(2):357. 
15. Manning CB, Vallyathan V, Mossman BT. Diseases caused by asbestos: 
mechanisms of injury and disease development. Int Immunopharmacol. 2002 
Feb;2(2-3):191-200. 
16. Boffetta P, Jourenkova N, Gustavsson P. Cancer risk from occupational and 
environmental exposure to polycyclic aromatic hydrocarbons. Cancer Causes 
Control. 1997 May;8(3):444-72. 
17. IARC. Polynuclear aromatic compounds. Part 1: chemical, environmental and 
experimental data. IARC Monographs on the evaluation of carcinogenic risks to 
humans Lyon, France. 1984;33:95-447. 
12 
18. IARC. Polynuclear aromatic compounds. Part 2: carbon black, mineral oils and 
some nitroarenes. IARC Working Group on the Evaluation of Carcinogenic 
Risks to Humans, Lyon, France. 1984;33:93-7. 
19. IARC. Occupational exposure in petroleum refining: crude oil and major 
petroleum fuels. IARC Working Group on the Evaluation of Carcinogenic Risks 
to Humans, Lyon, France. 1989;45:239-49. 
20. IARC. Diesel and gasoline, engine exhausts, and some nitroarenes. IARC 
Working Group on the Evaluation of Carcinogenic Risks to Humans, Lyon, 
France. 1989;46:47-58. 
21. IARC. Polycyclic aromatic hydrocarbons. IARC Working Group on the 
Evaluation of Carcinogenic Risks to Humans, Lyon, France. 2006;92 (in 
preparation). 
22. Xue W, Warshawsky D. Metabolic activation of polycyclic and heterocyclic 
aromatic hydrocarbons and DNA damage: a review. Toxicol Appl Pharmacol. 
2005 Aug 1;206(1):73-93. 
23. Nordlinder R, Nilsson, R. Delrapport 1: Inventering av arbetstagarnas 
exponering för olja, sot, avgaser och kemikalier vid maskinrumsarbete (Report 1: 
Inventory of the employees exposure to oil, soot, exhaust fumes and chemicals 
during work in the machine room). Available only in Swedish. Exponering för 
oljor och kemikalier i maskinrum - inventering och åtgärder för en förbättrad 
arbetsmiljö (Exposure to oil and chemicals in the machine room - inventory and 
measures for an improved work environment). 1999 september;Rapport från 
Yrkesmedicin (Report from the Department of Occupational and Environmental 
Medicine)(74). 
24. Nordlinder R, Nilsson, R. Delrapport 2: Exponeringsmätning och medicinsk 
undersökning av maskinrumspersonal (Report 2: Exposure assessment and 
medical examination of machine room crew). Available only in Swedish. 
Exponering för oljor och kemikalier i maskinrum - inventering och åtgärder för 
en förbättrad arbetsmiljö (Exposure to oil and chemicals in the machine room - 
inventory and measures for an improved work environment). 1999 
september;Rapport från Yrkesmedicin (Report from the Department of 
Occupational and Environmental Medicine)(75). 
25. Nordlinder R, Nilsson, R. Delrapport 3: Åtgärdsinriktade mätningar ombord på 5 
fartyg (Report 3: Assessments for taking measures aboard 5 ships). Available 
only in Swedish. Exponering för oljor och kemikalier i maskinrum - inventering 
och åtgärder för en förbättrad arbetsmiljö (Exposure to oil and chemicals in the 
machine room - inventory and measures for an improved work environment). 
2001 augusti;Rapport från Yrkes- och miljömedicin (Report from the 
Department of Occupational and Evironmental Medicine)(87). 
26. Boman G, Larsson, K. Diseases of the lung. Internal medicine. 1996:397. 
27. Ozlu T, Bulbul Y. Smoking and lung cancer. Tuberk Toraks. 2005;53(2):200-9. 
13 
28. Gustavsson P, Nyberg F, Pershagen G, Scheele P, Jakobsson R, Plato N. Low-
dose exposure to asbestos and lung cancer: dose-response relations and 
interaction with smoking in a population-based case-referent study in Stockholm, 
Sweden. Am J Epidemiol. 2002 Jun 1;155(11):1016-22. 
29. Lee PN. Relation between exposure to asbestos and smoking jointly and the risk 
of lung cancer. Occup Environ Med. 2001 Mar;58(3):145-53. 
30. Jongeneelen F. Benchmark guideline for urinary 1-hydrocypyrene as biomarker 
of occupational exposure to polycyclic aromatic hydrocarbons. Ann Occup Hyg. 
2001;45(1):3-13. 
31. Nilsson R, Nordlinder R, Moen BE, Ovrebo S, Bleie K, Skorve AH, et al. 
Increased urinary excretion of 8-hydroxydeoxyguanosine in engine room 
personnel exposed to polycyclic aromatic hydrocarbons. Occupational and 
environmental medicine. 2004 Aug;61(8):692-6. 
32. Burdorf A, Swuste P. An expert system for the evaluation of historical asbestos 
exposure as diagnostic criterion in asbestos-related diseases. Ann Occup Hyg. 
1999 Jan;43(1):57-66. 
33. Hemminki K, Li X. Mesothelioma incidence seems to have leveled off in 
Sweden. Int J Cancer. 2003 Jan 1;103(1):145-6. 
34. Chen R, Froom P. The CUSCORE test and the q-interval in cluster analyses of 
colon cancer and of lymphoma among asbestos workers. Stat Med. 2003 Oct 
15;22(19):3101-9. 
35. Gamble JF. Asbestos and colon cancer: a weight-of-the-evidence review. 
Environ Health Perspect. 1994 Dec;102(12):1038-50. 
36. Goldberg MS, Parent ME, Siemiatycki J, Desy M, Nadon L, Richardson L, et al. 
A case-control study of the relationship between the risk of colon cancer in men 
and exposures to occupational agents. Am J Ind Med. 2001 Jun;39(6):531-46. 
37. Jakobsson K, Albin M, Hagmar L. Asbestos, cement, and cancer in the right part 
of the colon. Occup Environ Med. 1994 Feb;51(2):95-101. 
38. Kjaerheim K, Ulvestad B, Martinsen JI, Andersen A. Cancer of the 
gastrointestinal tract and exposure to asbestos in drinking water among 
lighthouse keepers (Norway). Cancer Causes Control. 2005 Jun;16(5):593-8. 
 
